INTRODUCTION
Recent studies described the large scale fractionation of cigarette smoke condensate and the biological activity of the fractions, using the mouse back painting technique (1., 9). Indications of activity were obtained in a neutral subfraction which should have contained essentially no polynuclear aromatic hydrocarbons (PAH). These findings provided the first published. evidence of the p~obable presence of nonpolynuclear compounds having such activity in the neutral fraction. To obtain stronger evidence a method was required to separate · benzo[a]pyrene (BAP) and related PAH from other constituents in a highly effective manner. Recently, such a method was developed involving column chromatography of the neutrals on silicic acid followed by solvent partitioning of selected eluates (7). Using this method, enrichment of BAP from the o;5-2.o ppm of condensate (1.1.) to about 1.05 ppm is possible. Other workers have used silicic acid chromatography to separate the total neutrals or neutral subfractions of smoke condensate for use in biological studies (2, 7, 1.1.). With one exception (1.1.), these fractionations have employed limited elution schemes that have not fully exploited the potentialities of adsorption chromatography. In the e~cepted study, an extensive eluting scheme was employed but limited biological tests were performed on the fractions. The present study describes the large scale fractionation of the neutrals of smoke condensate by column chromatography and solvent partitioning, the levels of BAP in certain fractions and a statistical analysis of the variability of the yields of all fractions. The biological activity of the fractions will be reported elsewhere.
MATERIALS AND METHODS

Cigarette smoke condensate (CSC):
This material was prepared in 1..0 kg batches at the Roswell Park Me-+ Received for publication: 24th November, 1969. moria! Institute and shipped to Philadelphia under the conditions described previously (9). The total neutral fraction was isolated from the CSC by the solvent partition methods detailed earlier (9). A portion (41.2 °/o) of the total neutral fraction from each kg was removed for control purposes and the remainder was employed in the fractionation procedure.
Solvents: Petroleum ether was either nanograde or c. p.; in the latter case, the solvent was redistilled from gla&s. Dimethyl sulfoxide and benzene were spectral grade and used without redistillation. Methanol was nanograde and employed as received. The purification of all other solvents was described previously (9). In all solvent partitioning steps, the solvent pairs were preequilibrated before use. All fractions except those containing methanol and water were dried over magnesium sulfate or sodium sulfate; all fractions were evaporated in vacuo to residues at 30°-35° C.
Preparation of silicic acid columns: Silicic acid (Mallinckrodt"", 1.00 mesh, analytical grade) was suspended in methanol and the mixture was decanted after settling to remove the fines. This procedure was repeated three times. The moist adsorbent was then transferred to a Buchner funnel and washed with methanol until the filtrate was colorless. The adsorbent was dried on the filter and activated at 1.50° C for 1.7 hours before use. Silicic acid columns (6o mm i. d.) were prepared by moist packing using slurries of the adsorbent in petroleum ether. The sample: adsorbent ratio (wfw) was 64 ::I.ooo. Since the weights of neutrals varied from batch to batch, the total weight of adsorbent was changed in each instance to maintain this ratio. After all adsorbent had been added to the columns, more petroleum ether was added and permitted to flow under pressure through the columns until the volume of adsorbent became constant. In this and subsequent eluting operations, nitrogen was employed at 1.0 psi to give a flow rate of 1. .. 2 liter per hr at 25° C. protected from the fluorescent lighting in the laboratory during development; in the remaining instances no special precautions were taken to exclude this light. In no case were samples exposed to direct sunlight. All eluates were evaporated to residues before solvent partitioning.
Solvent partitioning of PE, BP and B eluates:
The residues from these eluates were similarly treated. In each case, the residue was dissolved in 375 ml cyclohexane (CH) and the latter was extracted with 75 ml portions of dimethyl sulfoxide (DMSO) until the polar solvent removed only traces of color. Usually 5 extractions with DMSO were sufficient. The combined DMSO was cross-extracted with CH and the CH and DMSO extracts were pooled independently. To remove traces of DMSO, the combined CH extracts were washed with 15 ml of water before drying over magnesium sulfate. The pooled DMSO-extracts were cooled to 20° C during addition of an equal volume of water containing 0.33 Ofo sodium chloride to reduce emulsion formation. The 15 ml water wash of the CH was added at this step. The aqueous DMSO solution was then extracted 5 times each with alternate portions (75 ml each) of PE and E. All PE and E extracts were mixed and the combined solution was washed with 15 ml of water and dried over magnesium sulfate. The DMSOsolubles from the eluates were designated PE-DMSO,
:UO BP-DMSO and B-DMSO, respectively. The corresponding CH-solubles were designated PE-CH, BP-CH and B-CH, respectively.
Solvent partitioning of the E eluate:
After removal of the eluting solvent, the residue was dissolved by successive additions of 75 ml portions of PE and 90 Ofo aqueous M. Usually, 375 ml of each solvent was required. The solvents were mixed in a separatory funnel and then separated. Each layer was shaken with the other solvent of the pair in 75 ml portions until color removal was negligible. All corresponding layers were pooled, giving total volumes of about 1500 ml for each layer. The PE extract was dried over magnesium suifate, giving E-PE. The aqueous ME extract was designated E-Mw.
Solvent partitioning of the ME eluate:
The residue from this eluate was partitioned by the same method described for the E eluate giving PE-soluble and aqueous M-soluble fractions. However, some of the residue from the eluate was insoluble in both solvents. This insolubl'l! material was dissolved in acetone and the solution was combined· with the 90 Ofo aqueous M-solubles during subsequent evaporation. The PE-soluble and aqueous M-soluble fractions were designated M-PE and M-Mw, respectively.
Reconstituted fraction: After filtration of the drying agent (when employed), 400fo of each of the above extracts was pooled to provide a reconstituted fraction. The remainder of each of the solutions and the reconstituted fraction were evaporated independently to a constant weight giving a total of 10 fractions and one reconstituted sample. These 11 samples and the control of unfractionated neutrals were sealed independently under nitrogen in glass-stoppered flasks and shipped in Dry Ice for biological testing.
Removal of strongly adsorbed material: As indicated below, complete removal of the added neutrals cannot be achieved on chromatographic columns. In attempts to remove the strongly adsorbed material, one-quarter of the adsorbent was removed from the top of each of three columns of silicic acid used to fractionate the neutrals as described above. The aliquots were pooled, pyridine (3.75 !iter) was added and the mixture was slurried thoroughly. The mixture was filtered and the adsorbent was again slurried with pyridine and filtered. The extracted adsorbent was then slurried twice with acetic acid (total vol, 5·5 !iter) using the same method.
In another procedure, a portion (40 g) of the adsorbent after elution with methanol was extracted continuously with acetone (250 ml) for 120 hrs followed by pyridine (300 ml) for 97 hrs. The solvent was removed from all extracts by evaporation in vacuo and the residues were packed and shipped as described above. Reflectance measurements were made on the adsorbent at various steps in the procedure using a Photoelectric Reflection Meter Model 610 (Photovolt Corp.) with magnesium oxide as a standard.
BAP analyses: Analyses were performed on acetone solutions of the total neutrals, the reconstituted neutrals and selected neutral fractions that were prepared at 6o Ofo equivalent concentration for bioassay. The analytical procedures were generally similar to those employed by other workers in BAP analyses (11) . To correct for losses, uniformly labelled BH-BAP (approximately 5000 dpm) was added to 5 ml of the acetone solutions in each case before analysis. The preliminary isolation steps depended on the fraction being analyzed. The total neutrals (77 4 mg) and the reconstituted fraction (820 mg) were evaporated to residues, the residues were dissolved in heptane and the solutions were added to activated silicic acid columns (220 mm X 13 mm). The columns were eluted successively with 25 ml of heptane and 85 ml of heptane-benzene (1:1 vfv); the latter eluates contained the BAP. For fraction BP-CH, 10 ml of acetone solution (182 mg) were evaporated to a residue which was partitioned between heptane (20 ml) and DMSO (3 X 10 ml). The pooled DMSO-extractables were treated with 30 ml of water and extracted 4 times with 10 ml of petroleum ether. The semipurified fractions obtained by these techniques together with fractions PE-DMSO, BP-DMSO, B-DMSO and M-Mw were separated further by a sequence of thin layer chromatographic fractionations on activated silicic acid, acetylated cellulose and silica gel (Distillation Products Industries) using heptane-benzene (85 :15 vfv), methanolether-water (4:4:1 vfv) and heptane-benzene (85:15 vfv) as developing solvents, respectively. The bands corresponding to reference BAP on the final chromatograms were eluted with 3 ml benzene and the excitation and emission spectra were examined. Quantitative measurements were made at 410 and 385 m!J. in the fluorescence and excitation spectra, respectively. Radioactivity in 2 ml of the isolated BAP solutions was determined 
6.1
Ogm from 1000 g CSC.
using
RESULTS AND DISCUSSION
The weights obtained in the 10 separations are recorded in Table 1 Table 2 for the 95 Ofo confidence interval. As previously noted, the variability in yields from different batches of. CSC may be reflections of actual differences in composition as well as experimental error. Significant variations in the BAP content of successive batches of CSC were observed (vide infra).
Recovery of the material placed on the columns (sum of the ten fractions plus the reconstituted neutrals) averaged 1.02 °/o, with a range of 94 -1.09 in the ten runs. As shown in Table 2 , the high variability in yields of individual fractions tended to even out in the reconstituted CSC and in the sum of all fractions. Table 3 shows the levels of BAP in the neutrals before fractionation, the reconstituted neutrals and certain neutral fractions from 4 batches of CSC. Only one of the CH-soluble fractions was analyzed since the partition coefficients of most P AH in hydrocarbon-DMSO systems are strongly in favor of DMSO (3) and pr~ vious work had shown that essentially no BAP occurs in the CH-soluble substances (8) . The excitation and fluorescence spectra of the BAP isolated from BP-DMSO, the reconstituted neutrals and the unfractionated neutrals were identical with those of the authentic hydrocarbon and had no evidence of fluorescent impurities. The spectra of the prospective BAP-containing material from the other fractions were poor and considerable fluorescent interference was noted using the required limit of sensitivity of the spectrophotofluorometer. The levels shown in Table 3 for the latter fractions are the maximum concentrations possible; in all probability, BAP was either absent or present in much lower concentrations therein. For BP-DMSO, the reconstituted neutrals and the unfractionated neutrals the coefficient of variability for BAP was 5 Ofo.
The data in Table 3 show that essentially all of the BAP was found in BP-DMSO, as expected. These results confirm previous findings in which more than 96 Ofo of the BAP was found in this fraction. Based on the known chromatographic behavior of other biologically important PAH on deactivated silicic acid (5), it is highly probable that no P AH occur in E-Mw and fractions. En procedant a la separation a l'abri de la lumiere on n' a pas modifie significativement les taux de benzo(a)pyrene obtenus dans la fraction enrichie en ce corps.
